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© Gas generator, squib for air bag and spontaneous firing explosive composition. 

© The present invention is a gas generator for air bag comprises a spontaneous firing explosive composition in 
which at least one of a squib 10, igniting agents 41 and a gas generant 51 contained in a casing 27 or 28 formed 
of a light alloy material or the like, a spontaneous firing explosive composition consists of carbohydrates, 
oxyhalogenates and metal oxides and alternatively of carbohydrates, oxyhalogenates, metal oxides and a 
synthetic resin. The spontaneous firing explosive composition has a spontaneous firing property in temperatures 
range of 165-220 'G or of 1 65-200 'C. The carbohydrates is a gaseous component and the oxyhalogenates is 
an oxygen supplying component. Accordingly, a firing temperature in a relatively low temperatures range of 165- 
220 °C or of 1 65-200 *C may be selected depending on combinations of the two. The metal oxides is a heat 
stabilizer and the synthetic resin is a binder for use in granulating the spontaneous firing explosive composition. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION : 

5 The present invention relates to a gas generator for air bag with a spontaneous firing function which 
fires at a predetermined temperature to prevent breakdown of a casing when the gas generator for air bag 
is heated by, for example, flame from outside. And also, The present invention relates to a squib suitable for 
a gas generator with a spontaneous firing function. 

w DESCRIPTION OF THE PRIOR ART : 

Conventionally, a passive safety device for a vehicle is known that inflates an air bag with gas 
generated by a gas generator to ensure safety of an occupant when a vehicle is involved in collision. The 
gas generator comprises a gas generant, an igniting agent for igniting said gas generant and a squib for 

is initiating said igniting agent which are contained in a casing. It is not always necessary to coexist the squib 
with the igniting agent, and either one of them is used as a case may be. In such a case, one has a function 
of the other. In addition, said casing is typically made of a light alloy materia! such as an aluminum alloy 
with demands for weight reduction. 

Light alloy materials are reduced in mechanical strength when heated to a high temperature. Accord- 

20 ingly, a gas generator in which such material is used for the casing will cause no problem in a normal case 
where the igniting agent is initiated by the squib upon collision and the gas generant is then ignited to 
generate gas. However, when heat is applied from outside on fire in a vehicle or a warehouse that is not 
expected in a normal condition, in this event, if a spontaneous firing temperature of the igniting agent or the 
gas generant is higher than a temperature at which the mechanical strength of the casing is deteriorated, 

25 firing is caused after the mechanical strength of the casing is deteriorated. As a result, the casing is broken 
due to the pressure caused within the gas generator with a risk of its scattering as small pieces. 

Against this problem, U.S. Patent No. 4,561,675 discloses a technique relating to an auto ignition 
device. The an auto ignition device has a primary firing agent that will fire spontaneously at a temperature 
of approximately 177°C at which the mechanical strength is not deteriorated in a metal container. The 

30 metal container is a single independent member made of a metal foil and fixed to an inside of a casing of a 
gas generator with a heat resistant adhesive or a cushion. And a firing direction of the primary firing agent 
is directed to a igniting agent or a gas generant that fire at a temperature of approximately 343 ° C. 

In addition, Japanese Patent Laid Open No: 2-74441 discloses a technique relating to an auto ignition 
device, The auto ignition device has a primary firing agent that will fire spontaneously at and around a 

35 temperature of approximately 160 'C to 180 " C. The primary firing agent casing is inserted to an opening 
portion of a casing for a gas generator through an insulating material. 

Further, Japanese Patent Laid Open No. 5-229397 discloses a technique relating to another auto 
ignition device. This auto ignition device applies a spontaneous firing agent to an explosive within a squib. 
The a spontaneous firing agent comprises sulfur-containing binder/sodium perchlorate as a major compo- 

40 nent that fire spontaneously in 3 minutes at 1 50-300 ' C . 

Typical gas generants apply agents based on sodium azide. These agents have an adequate burning 
rate and a long-term stability when being subjected to a high or low temperature environments. An 
spontaneous firing temperature thereof is, however, as high as 400 °C or higher. The mechanical strength 
of the light alloy material such as an aluminum alloy is significantly reduced at that temperature, so that the 

45 casing will be broken. 

In addition, the igniting agent is typically sealed in an igniting agent container. The igniting agents apply 
mixtures of boron and potassium nitrate, which will be fired spontaneously at approximately 500 'C. The 
mechanical strength of the light alloy material such as an aluminum alloy is significantly reduced at that 
temperature. 

50 Typical squib has a structure in which an explosive is filled within a squib cup of a cylindrical shape 
with a bottom, which the cup is sealed with a squib plug having a bridge wire for heating which is connect 
to exterior through a couple of lead pins and the explosive contacts with the bridge wire. The explosive 
filled within the squib commonly apply mixtures of perchlorate and an organic material or metal powder by 
the considerations of good initiatability and stability. When heated suddenly from outside, lead trinitroresor- 

55 cinate/potassium perchlorate for example will be fired spontaneously at approximately 270 'C while 
zirconium/potassium perchlorate will be fired spontaneously at approximately 350 "C. As other explosives 
to be filled in the squib, U.S. Patent No. 3,773,351 discloses those comprising sucrose and potassium 
chlorate. 
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In the gas generators disclosed in said U.S. Patent No. 4,561,675 and Japanese Patent Laid Open No. 
2-74441, there is a disadvantage that it is necessary to form a containing portion specifically for the auto 
ignition device in the gas generator. In the gas generator disclosed in Japanese Patent Laid Open No. 5- 
229397, the spontaneous firing material also serving as the igniting agent is applied to the explosive for the 

3 ignitor. The bridge wire contacting therewith is corroded due to acidic substances generated as a result of 
deterioration with time. There's thus some fear of incorrect operation with the ignitor not initiated upon a 
normal operation. The squib disclosed in U.S. Patent No. 3,773,351 uses the explosive comprising the 
sucrose and the potassium chlorate, so that it apparently has an spontaneous firing capability at and around 
180"C. However, thermal stability is not good. More specifically, it does not pass a heat aging test criteria 

70 at and around 1Q0°C such as 107 "C x 400 hours, so that it cannot be applied in practice. In addition, 
spontaneous firing materials conventionally used are lack of high-temperature stability. Further, those 
serving also as the igniting agents have a disadvantage of lacking a necessary burning rate. 

In particular, those with the squib containing the spontaneous firing material has such a structure that 
the squib is contained within the gas generator, which makes heat be less likely to be transferred. As a 

75 result, there is a disadvantage that it will not be fired spontaneously in a predetermined temperature range 
in response to application of heat from outside. This problem is the one that may be caused in a case 
where the spontaneous firing material is contained in the gas generant or the igniting agents. 

The present invention is made with respect to these problems inherent to the prior art, and an object 
thereof is to provide a safe and positive gas generator for air bag which is to be fired spontaneously in a 

20 predetermined temperature region in response to application of heat from outside even when the gas 
generator for use In deploying an air bag as a passive safety device contains a spontaneous firing material 
in at least one of a squib, an igniting agents and a gas generant, and which maintains stable properties 
when exposed and being subjected to a high temperature environments for a long time. 

In addition, it is also directed to provide an optimum squib incorporated in such a gas generator for air 

25 bag. 

SUMMARY OF THE INVENTION 

A gas generator for air bag according to the present invention directed to achieve the above mentioned 
30 object comprises a spontaneous firing explosive composition, which at least one of a squib, an igniting 
agent and a gas generant contained in a casing formed of a light alloy material includes. The spontaneous 
firing explosive composition consists of carbohydrates, oxyhalogenates and metal oxides and has a 
spontaneous firing property in a temperature range of 1 65-220 *C. As a spontaneous firing explosive 
composition is in environments where heat is less likely to be transferred from its surroundings, a synthetic 
35 resins is further added. In that case the spontaneous firing explosive composition consists of carbohydrates, 
oxyhalogenates, metal oxides and a synthetic resins. This may have a spontaneous firing property in a 
lower temperature range of 1 65-200 "C. In addition, the above mentioned explosive composition that is 
contained in either one of the squib, the igniting agent and the gas generant will be fired spontaneously in 
the above mentioned temperature range before a mechanical strength of the casing is deteriorated due to 
40 heating from outside. 

The carbohydrates in said spontaneous firing explosive composition is a gasifying component, the 
oxyhalogenates is an oxygen supplying component, the metal oxides is a heat aging agents (thermal 
stabilizer), and the synthetic resins is a component contributing to improvement of a heat conductivity 
between these explosive composition particles. Accordingly, an spontaneous firing temperature of 165- 
45 2 20 'C or a lower spontaneous firing temperature of 165-200 *C may be selected optionally by means of 
combining them. 

In particular, a gas generator for air bag mounted on a vehicle may be stood at a high-temperature 
position for a long time such as an outdoor parking place in summer or a tropical area. Accordingly, a high- 
temperature stability is essential. The one contributing to this thermal stability is said metal oxides. In 
so particular, the thermal stability is improved by means of coating carbohydrates or/and oxyhalogenates 
particles to avoid direct contact between them. !n addition, a synthetic resins has an effect of decreasing a 
spontaneous firing temperature by means of contacting intimately the above mentioned explosive composi- 
tion particles with each other so as to improve the heat conductivity between the explosive composition 
particles. 

55 To achieve a desired spontaneous firing temperature of 1 65-220 °C or 165-200 °C as well as an 
adequate burning rate, carbohydrates is preferably 95.0-1.0% by weight, oxyhalogenates is preferably 95.0- 
1.0% by weight and metal oxides is preferably 30.0-0.01% by weight. A synthetic resins, if added thereto, 
is preferably 0.05 to 20.0% by weight. This composition ratio may be varied within the above mentioned 
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composition range depending on a burning rate suitable for a desired part of the gas generator, based on a 
stoichiometric ratio required for burning carbohydrates and oxyhalogenates. In particular, metal oxides is 
preferably 30.0-0.01% by weight and more preferably 10.0-1.0% by weight. This may be varied advanta- 
geously to adjust the burning rate depending on an internal structure of the gas generator used. With 

5 carbohydrates out of this range, the burning rate will be abnormal. With oxyhalogenates out of this range, 
the spontaneous firing function will be deteriorated. With metal oxides out of this range, the heat aging 
property and the spontaneous firing function will be deteriorated, if the synthetic resins which adjust the 
heat conductivity between the explosive composition particles is out of this range, a spontaneous firing 
temperature will change significantly depending on a degree of mixing. 

w A particle diameter of carbohydrates, oxyhalogenates and metal oxides significantly affects a positive 
firing and the high-temperature stability. An average particle diameter of carbohydrates is preferably 0.5 
mm to 0.0001 mm. An average particle diameter of oxyhalogenates is preferably 1.0 mm to 0.0001 mm. A 
particle diameter of metal oxides is preferably 0.5 mm or smaller. With carbohydrates having the particle 
diameter of out of this range, the heat aging property will be deteriorated. With oxyhalogenates having the 

15 particle diameter of out of this range, the burning rate will be abnormal. With metal oxides having the 
particle diameter of out of this range, the heat aging property and the spontaneous firing function will be 
deteriorated. In particular, the particle diameter of metal oxides is preferably 1/10 or smaller than the 
particle diameter of carbohydrates. 

It is possible to ensure the positive firing and the high-temperature stability when the average particle 

20 diameter of metal oxides is 1/10 or smaller than the average particle diameter of at least one of 
carbohydrates and oxyhalogenates and when at least one of carbohydrates and oxyhalogenates is coated 
with meta! oxides. A method of coating may be as follows: At first, carbohydrates is mixed with metal 
oxides to coat metal oxides on a surface of carbohydrates, in another vessel, oxyhalogenates may be mixed 
with metal oxides to coat metal oxides on a surface of oxyhalogenates. Subsequently, they are mixed with 

25 each other. This operation improves the high-temperature stability. The burning rate can be adjusted by an 
amount of coating. 

When the average particle diameters of the individual components are all 0.05 mm or smaller, these 
three components may be mixed simultaneously. 

Of the individual components, applicable carbohydrates may be a single or a mixture of sucrose, 
30 lactose, glucose, powder cellulose, dextrin and wood powder, it is preferable to use sucroseas the one 
having the preferable spontaneous firing temperature of 165-200 "Cor 165-220 "C. 

Of the individual components, applicable oxyhalogenates include chlorates and perchlorates such as 
potassium chlorate, potassium perchlorate, sodium chlorate, sodium perchlorate, barium chlorate and 
barium perchlorate; bromates and perbromates such as potassium bromate, potassium perbromate, sodium 
35 bromate and sodium perbromate; and iodates and periodates such as potassium iodate, potassium 
periodate, sodium iodate and sodium periodate. Chlorates and perchlorates are particularly preferable by 
the consideration of easy handling. Potassium chlorate and potassium perchlorate are more preferable. 

Of the individual components, applicable metal oxides include magnesium oxide, calcium oxide, zinc 
oxide, potassium oxide, sodium oxide and cesium oxide. Magnesium oxide, calcium oxide and zinc oxide 
40 are preferable by the consideration of easy handling. In addition, light magnesium oxide is particularly 
preferable in view of its fine and uniform particle diameter. 

Of the individual components, applicable synthetic resins include silicon resins, urethane resins, 
polyesters, acrylic resins and butyl rubbers. A one component room temperature vulcanizing silicone resin 
is particularly preferable by the considerations of easy handling and thermal stability. It is noted that 
45 granulation is made by means of mixing carbohydrates, oxyhalogenates and metal oxides with each other, 
to which the synthetic resins is added. 

In particular, when the spontaneous firing explosive composition having the above mentioned compo- 
nents is contained in the gas generant, it may be subjected to making tablet or formed into pellets by using 
an adequate binder to adjust the burning rate, if necessary. In addition, it may be possible to add 
so adequately inorganic powder such as talc, alumina oxide and silicon dioxide as well as organic powder such 
as wood powder, synthetic resins powder and rosin powder to adjust the burning rate. 

in particular, as an aspect of containing the spontaneous firing explosive composition having the above 
mentioned components in the squib, it may contact directly with the bridge wire. However, in a case where 
an extremely short firing time is preferable, it is preferable to form a layer structure where an initiating agent 
55 is contacted with the bridge wire, and the spontaneous firing explosive composition having the above 
mentioned components contacts with that initiating agents. Such squib is a single product applicable 
generally to a part where a spontaneous firing function is required. 
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As such initiating agent, metal powder/KCIO*, diazodinitrophenol (DDNP), tetracene/lead trinttroresor- 
cinate, lead trinitroresorcinate/KCIO* and lead styphnate/KCI0 3 may be used. Metal powder/KCiO* is 
preferable by the considerations of thermal stability and good initiatabiilty. 

The metal powder may be a single or a combination of zirconium, tungsten, titanium, aluminum, 
magnesium, iron, nickel and copper. In view of good initiatabiilty, a single zirconium or a mixture of 
zirconium and tungsten is preferable. 

In a gas generator for air bag where such squib is held within a casing formed of a light metal material 
such as aluminum alloy, the gas generator for air bag comprising sard squib having a layer structure 
consisting of an initiating agent contacted with the bridge wire and an spontaneous firing explosive 
composition contacted with said initiating agent, the spontaneous firing explosive composition being made 
of carbohydrates, oxyhalogenates, metal oxides and a synthetic resins, and a portion of the squib 
corresponding to the spontaneous firing explosive composition being exposed within said casing in a no 
good contact condition with said casing. More specifically, essentials of the squib formed of the above 
mentioned spontaneous firing explosive composition containing the synthetic resins are not required to be 
contacted well with the casing so as to improve the heat conductivity between the casing. Accordingly, an 
attachment structure for the squib to the casing can be simplified. 

In addition, the casing of gas generator is made of a light metal material such as aluminum alloy, which 
is formed with an upper casing member and a lower casing member having an inner cylinder and an outer 
cylinder respectively, which are opposed to and frictional welded with each other corresponding to said 
inner cylinders and outer cylinders each other, and then a center space within said inner cylinder and an 
outer space surrounded by said inner cylinder and said outer cylinder are made. The present Invention of a 
gas generator has a squib of which surface coated with an electrically insulating material, being inserted 
into said casing and fixed thereto, and the spontaneous firing explosive composition consisting of 
carbohydrates, oxyhalogenates, metal oxides and a synthetic resins being contained in the squib. Even 
when the heat conductivity to the squib is restricted by the electrically insulating material, the spontaneous 
firing function is not deteriorated. When said squib is inserted into a cylindrical-shaped boss projected from 
said casing into said center space and fixed thereto, it is preferable that said cylindrical-shaped boss is 
larger in height than the portion of said friction welding to avoid thermal effects on the squib upon welding. 

The squib, the igniting agents and the gas generant in the gas generator for air bag are all have their 
own unique firing functions. The gas generator is subjected to a high temperature environments during 
summer or the like, and is mounted on a vehicle for a long time of many years. Accordingly, a high- 
temperature stability without deteriorating the firing function is required, which the high-temperature stability 
can be achieved with the metal oxides in the above mentioned explosive composition. The above 
mentioned spontaneous firing explosive composition contained in either one of the squib, the igniting agent 
and the gas generant is fired by its spontaneous firing function before the mechanical strength of the casing 
of the gas generator is deteriorated significantly upon vehicle fire or a warehouse fire. This firing is similar 
to a normal igniting upon such as a collision, and breakage of the casing is fhus avoided. This spontaneous 
firing function can be kept by the metal oxides in the above mentioned spontaneous firing explosive 
composition even when being subjected to a high temperature environments during summer for many 
years. More specifically, a state where carbohydrates and oxyhalogenates are separated stably is ensured 
by the metal oxides, and then carbohydrates melts at a predetermined spontaneous firing temperature and 
reaches the oxohalogenates for firing. 

When the above mentioned spontaneous firing explosive composition is contained in the squib, the 
igniting agents or the gas generant, at first an exterior heat is transferred from outside to the squib, the 
igniting agent or the gas generant and then said explosive composition to be heated. Because of such 
indirect heating, the exterior heat may be less transferred depending on environments of the above 
mentioned explosive composition. In such a case, carbohydrates and oxyhalogenates are stably separated 
by the metal oxides while a state of carbohydrates's melt is not stable. So that, a straggling in spontaneous 
firing temperature is made. A synthetic resins serves to reduce the straggling and in turn to reduce the 
spontaneous firing temperature. The synthetic resins forms an adequate bridge among carbohydrates, 
oxyhalogenates and metal oxides. The carbohydrates is molten stably by heat conductivity via this bridge 
and reaches the oxyhalogenates passing through the metal oxides and the synthetic resins, so that 
spontaneous firing is caused. To ensure such phenomenon, it is desirable that the metal oxides has a 
predetermined particle diameter and contained at a predetermined amount, and that the synthetic resins is 
also contained at a predetermined amount. However, the synthetic resins may be omitted when the heat 
conductivity to the spontaneous firing explosive composition can be considered well. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a gas generator for air bag according to the present invention; 
Fig. 2 is a sectional view of a gas generator for air bag according to the present invention; 
5 Fig. 3 is a sectional view of a squib containing a spontaneous firing explosive composition according to 
the present invention; 

Fig. 4 is a sectional view of a squib containing a spontaneous firing explosive composition according to 
the present invention; 

Fig. 5 is a sectional view of a squib containing a spontaneous firing explosive composition according to 
w the present invention; 

Fig. 6 is a perspective view of a gas generant container; 

Fig. 7 is a sectional view of a gas generant container, in which pellets of a gas generant of a 
spontaneous firing explosive composition according to the present invent ion are contained; 
Fig. 8 is a sectional view of a gas generant container, in which powder of a gas generant of a 
15 spontaneous firing explosive composition according to the present invention is contained; 

Fig. 9 is a sectional view of a igniting agents container, in which an igniting agents of a spontaneous 
firing explosive composition according to the present invention is contained; 

Fig. 10 is a sectional view of an igniting agents container, in which a firing agents of a spontaneous firing 
explosive composition according to the present invention is contained; 
20 Fig. 11 is a view illustrating a squib containing a spontaneous firing explosive composition according to 
the present invention being attached to an pressure tester; and 

Fig. 12 is a view illustrating a squib containing a spontaneous firing explosive composition according to 
the present invention being attached to an initiating tester. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS: 

An example of a gas generator is described with reference to the drawing, in which the above 
mentioned squib, igniting agents and gas generant are contained. While one of the squib and the igniting 
agents may be omitted, the following description is made in conjunction with a case where both of them are 
30 contained. Fig. 1 shows a sectional view of a gas generator 60 for air bag according to the present 
invention. 

In the gas generator 60 for air bag in Fig. 1, a reference numeral 27 represents a lower casing made of 
an aluminum alloy which comprises an inner cylinder 27a and an outer cylinder 27b. A reference numeral 
28 represents an upper casing also made of an aluminum alloy which comprises an inner cylinder 28a and 

35 an outer cylinder 28b. The inner cylinder 27a and the outer cylinder 27b are respectively opposed to the 
inner cylinder 28a and the outer cylinder 28b and joined by friction welding between A and B portions to 
form a casing. In addition, a sack-shaped projecting portion 27c is integrally formed with the lower casing 
27 at a center thereof. A communication hole 27d is provided in the projecting portion 27c at a center 
thereof. Further, orifices 33 are opened in the inner cylinder 28a of the upper casing 28. Diff users 36 are 

40 opened in the outer cylinder 28b of the upper casing 28. 

As mentioned above, the casing comprises an circular outer space 35 surrounded by the outer cylinder 
27b of the lower casing 27 and the outer cylinder 28b of the upper casing 28 and a center space 34 defined 
by a portion surrounded by the inner cylinder 27a of the lower casing 27 and the inner cylinder 28a of the 
upper casing 28 and inside of the projecting portion 27c. A igniting agents container 40 is contained in a 

45 portion surrounded by the inner cylinder 27a of the lower casing 27 and the inner cylinder 28a of the upper 
casing 28 in the center space 34. A squib 10 is contained in a position of the projecting portion 27c in the 
center space 34. The outer space 35 is divided by an inner wall 31 having orifices 32. A gas generant 
container 50 is contained inside the inner wall 31 while a first coolant 25 located at outlets of the orifices 32, 
a second coolant 26 and a filter 30 sealed with a filter cover 29 are contained exterior of the inner wall 31 . 

so In particular, the squib 10 in the projection portion 27c is covered with an electrically insulating material 
21 such as an elastomer and fixed with a calking member 27e of the lower casing 27 through a ferrite cover 
22, a first keep plate 23 and a second keep plate 24. When the squib 10 covered with the electrically 
insulating materia! 21, the electrically insulating material 21 serves as a heat insulating material too. 
Accordingly, exterior heat is mainly transferred to the squib 10 through a pair of lead pins 7 in case of 

5S vehicle fire or the like. 

As shown in Fig. 1, to insert the squib 10 into the projecting portion 27c through the electrically 
insulating material 21, an accuracy of molding of the electrically insulating material 21 is required to a 
certain degree. With this respect, as in a gas generator 61 for air bag shown in Fig. 2, the sack-shaped 
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projecting portion is replaced by a cylinder-shaped boss 27f. Most of portions of the electrically insulating 
materia! 21 and the squib 10 are projected into a position surrounded by the inner cylinder 27a of the lower 
casing 27 and the inner cylinder 28a of the upper casing 28 to provide easier assembly. In such a case, a 
height of the cylinder-shaped boss 27f is higher by a distance H than the friction welded site A to avoid 
5 thermal effect on the electrically insulating material 21 due to scattering burr as welding with friction. In 
addition, a bottom of the squib 10 abuts on the igniting agents container 40 through the electrically 
insulating material 21 . 

A normal operation of these gas generator 60 and 61 for air bag is described. First, the explosive in the 
squib 10 is Initiated when a predetermined electrical current Is flown in a bridge which is not shown in Fig. 

io 1 through the lead pins 7. A bottom of the squib is broken and then high-temperature and high-pressure 
gas is discharged. This high-temperature gas breaks the igniting agents container 40 to cause the igniting 
agents contained therein to be fired. A high-temperature gas is generated as a result of burning of the 
igniting agents and passes through the orifices 33 and breaks the gas generant container 50 to cause the 
gas generant 51 contained therein to be ignited. A large amount of gas is generated as a result of burning 

T5 of the gas generant 51 . The generated gas passes through the orifices 32, the first coolant 25 and the 
second coolant 26 where cooling and collection of residues are made, then passes through the filter 30 
where mists are removed and is discharged into an air bag which is not shown through the diffusers 36. 

Fig. 3 shows an example where an initiating agents 4 and an spontaneous firing explosive composition 
5 according to the present invention are aligned into a double layer structure within a magazine 8 of the 

20 squib 10. When the squib 10 is held in a manner as shown in Fig. 1, a portion of the squib 10 
corresponding to the spontaneous firing explosive composition 5 is contained in the sack-shaped projecting 
portion 27c of the lower casing 27 with being coated with the electrically insulating material 21 which also 
serves as a heat insulating material. Fig. 4 shows an example where only the spontaneous firing explosive 
composition 5 according to the present invention is contained in the magazine 8 of a squib 11. Fig. 5 shows 

25 an example where an explosive bullet as the initiating agents 4 for a squib 12 and covered with the 
spontaneous firing explosive composition 5 according to the present invention is contained in the magazine 
8 of a squib 12. 

Normal operations of the squibs 10 and 12 shown respectively in Figs. 3 and 5 are as follows: first, 
when a predetermined electrical current is flown through electrode lead pins 7, the bridge 2 is heated, 

30 which causes the initiating agents 4 to be fired. Next, the explosive composition 5 is fired . The bottom of 
the squib is broken as the inside of the squib becomes high temperature and high pressure. As a result, a 
high-temperature, high-pressure gas is discharged. When the squib 10 or 12 is heated from outside due to, 
for example, an accident, the spontaneous firing explosive composition 5 is spontaneously fired at the time 
when the temperature within the squib reaches 165-220 'C or 165-200 'C. Next, the initiating agents 4 is 

35 fired. The end bottom of the squib is broken as the inside of the squib becomes high temperature and high 
pressure As a result, a high-temperature, high-pressure gas is discharged. Then, as described in conjunc- 
tion with Figs. 1 and 2, the igniting agent container 40 is broken and then the gas generant container 50 is 
broken. The high-temperature, high-pressure gas is thus successively generated. 

A normal operation of the squib 11 shown in Fig. 4 is as follows: first, when a predetermined electrical 

m current is flown through the electrode lead pins 7, the bridge 2 is heated, which causes the explosive 
composition 5 to be iginited. The bottom of the squib is broken as the inside of the squib becomes high 
temperature and high pressure. As a result, a high-temperature and high-pressure gas is discharged. When 
the squib 11 is heated from outside and then the temperature within the squib reaches 165-220 = C or 165- 
200 "C, the spontaneous firing explosive composition 5 is spontaneously fired at the time. The bottom of 

45 the squib is broken as the inside of the squib becomes high temperature and high pressure. As a result, a 
high-temperature and high-pressure gas is discharged. Then, as described in conjunction with Figs. 1 and 
2, the igniting agents container 40 is broken and then the gas generant container 50 is broken. The high- 
temperature and high-pressure gas is thus successively generated. 

As mentioned above, the spontaneous firing explosive composition in Figs. 3 through 5 is spontane- 

so ousty fired at 165-220 "C or 165-200 *C. Accordingly, when the casings 27 and 28 in Figs. 1 and 2 is 
made of a light aluminum alloy, the spontaneous firing explosive composition is to be fired before the 
mechanical strength is deteriorated as the casing is heated due to firing or the like. Thus, there is no fear of 
breakage of the casing or scattering of broken pieces. In particular, when the spontaneous firing explosive 
composition according to the present invention is contained in the igniting agents container 40 or the gas 

55 generant container 50 in Figs. 1 and 2, the squib may be left without firing. On the contrary, when the 
spontaneous firing explosive composition according to the present invention is contained in the squib, all 
explosive in the gas generator is fired. 
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In particular, as shown in Figs. 1 and 2, when the heat conductivity to the squib 10 is restricted by the 
electrically insulating material 21 or a projection from the container, it is preferable that the spontaneous 
firing explosive composition is included a synthetic resins, in this case, the spontaneous firing explosive 
composition consists of carbohydrates, oxyhalogenates, meta! oxides, a synthetic resins, and is to be fired 

5 stably at a low temperatures of 165-220 • C. 

Fig. 6 shows an example of an appearance of the gas generant container 50. The gas generant is 
contained in a container formed of a cup of aluminum foil. 

Fig. 7 shows an example of a sectional view where the spontaneous firing explosive composition 
according to the present invention is contained In the gas generant container 50 as the gas generant 51 of 

70 peliets shape. Fig. 8 shows an example of a sectional view where the spontaneous firing explosive 
composition according to the present invention is contained in the gas generant container 50 as the gas 
generant 51 of powder. In Figs. 7 and 8, a reference numeral 52 represents a ceramic cushion material for 
use in avoiding oscillation and vibration of the gas generant. 

in Fig. 1, In case of the gas generator 60 having this gas generant container 50 of which a gas generant 

is is the spontaneous firing explosive composition 5 according to the present invention, and when the gas 
generant container 50 is heated from outside due to vehicle firing or warehouse firing and then a 
temperature of the gas generant (spontaneous firing explosive composition) 51 contained in the gas 
generant container 50 reaches 165-220 °C or 165-200 'C, the gas generant {spontaneous firing explosive 
composition) 51 is spontaneously fired and breaks the gas generant container 50. A high-temperature gas 

20 passes through the orifices 33 and breaks the igniting agents container 40 to fire the igniting agents. At the 
same time, it is passed through the first coolant 25 and the second coolant 26, and is then discharged 
outward through the filter 30. The gas generant (spontaneous firing explosive composition) 51 in Fig. 7 or 8 
is spontaneously fired at 165-220 'C or 165-200 "C, so that there is no fear of breakage of the casing and 
scattering of the broken pieces even if the lower casing 27 and the upper casing 28 in Fig. 1 is made of 

25 light aluminum alloy. 

Fig. 9 shows an example where the spontaneous firing explosive composition 5 according to the 
present invention is contained in the igniting agents container 40. Fig. 10 shows an example where the 
spontaneous firing explosive composition 5 according to the present invention is contained in the igniting 
agents container 40 along with the igniting agents 41 made of boron/potassium nitrate with a two-layer 
30 structure . 

In Fig. 1, in case of the gas generator 60 having this igniting agents container 40 heated from outside 
due to vehicle firing or warehouse firing, and then a temperature of the spontaneous firing explosive 
composition 5 contained in the igniting agents container 40 reaches 165-220 'C or 165-200 "C, the 
spontaneous firing explosive composition 5 is spontaneously fired and breaks the igniting agents container 

35 40. This discharges a high-temperature and high-pressure gas. The discharged gas passes through the 
orifices 33 and breaks the gas generant container 50 to fire the gas generant 51 contained therein. A large 
volume of gas is generated as a result of burning of the gas generant 51. The generated gas is passed 
through the first coolant 25 and the second coolant 26, and is then discharged outward through the filter 30. 
The spontaneous firing explosive composition 5 in Fig. 9 or 10 is spontaneously fired at 1 65-220 °C or 165- 

40 200 °C, so that there is no fear of breakage of the casing and scattering of the broken pieces even if the 
lower casing 27 and the upper casing 28 in Fig. 1 is made of light aluminum alloy. 

Properties of the present invention of the spontaneous firing explosive composition are not deteriorated 
during a heat aging test at 120° C for 100 hours or 107 *C for 400 hours, which are considered to be the 
most of severe environments that might be caused in vehicles or the like in a normal usage. In addition, it 

45 can maintain the spontaneous firing function and other inherent ignition functions. Here are explained in 
conjunction with the following examples. 

Now, the present invention is described specifically in conjunction with a specific sets of examples and 
comparative examples. The present invention is not limited to those examples. First, illustrated are 
examples where a squib contained a spontaneous firing explosive composition (carbohyd 

so rates/oxyhalogenates/metal oxides) according to the present invention comprising no synthetic resins. This 
squib was assessed solely, too. A term "part" used in the examples represents a part by weight. 

Examples 1 through 3, Comparative Examples 1 through 3 

55 In Fig. 11, a pressure sensor 110 was attached to a SUS container 100 with a space 101 of a capacity 
of 10 milli-liters. The squib 10 was attached to a lid of the SUS container 100. The electrode lead pins 7 of 
the squib 10 were connected to a squib ignition power source and an oscillograph for current measurement. 
A terminal of the pressure sensor 110 was connected to the measurement oscillograph. A predeter- 
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mined electrical current was flown across the squib to ignite it. An initiating time t (msec.) and a maximum 
generated pressure value Pmax. (psi) were measured. An initiating time t in Table 1 means a time interval 
from time when electrical current has finished flowing through the squib to time of starting raising the 
pressure. 

A spontaneous firing explosive composition was prepared as follows, 1.2 parts of super fine powder of 
light magnesium oxide {reagent; Wako Pure Chemical Industries Co., Ltd.) having an average particle 
diameter of 0.001 mm or smaller was added to and mixed with 74.8 parts of potassium chlorate (reagent; 
Wako Pure Chemical Industries Co., Ltd.) having an average particle diameter of 0.2 mm. After mixing, it 
was found that the magnesium oxide was coated on the surfaces of the potassium chlorate when observed 
through an optical microscope, Next, 1.0 parts of said light magnesium oxide (reagent; Wako Pure Chemical 
Industries Co., Ltd.) was added to and mixed with 23.0 parts of sucrose (Taito Corporation) having an 
average particle diameter of 0.05 mm. After mixing, it was found that the surfaces of the sucrose was 
coated with the magnesium oxide when observed through an optical microscope. The above mentioned 
total amount of potassium chlorate/magnesium oxide and sucrose/magnesium oxide were mixed with each 
other to obtain the spontaneous firing explosive composition. 

The squib was assembled in a following manner. A squib sheath 9 was placed in the squib cup 6 as 
shown in Fig. 3, in which 40 mg of the spontaneous firing explosive composition 5 was added. Subse- 
quently, 120 mg of the initiating agents 4 (zirconium/potassium perchlorate) were placed and a squib 
sealing plug 1 was engaged therewith. For comparison, a explosive of sucrose/potassium chlorate with no 
magnesium oxide added. In addition, a squib was assembled in the same manner as those described 
above. Histories of the squibs were following three of types: the room temperature only, 120 'C x 100 
hours and 107 "C x 400 hours. The results are given in Table 1. For comparative examples, the explosives 
were non-initiating in both 120 "C x 100 hours and 107 -C x 400 hours. On the contrary, no change in 
pressure was found for those according to the present invention. 

Examples 4 through 6. Comparative Examples 4 through 6 

In Fig. 12, the squib 10 was attached to a lid of a SUS container 120 having a space 101 of a capacity 
of 10 milli-liters. A hole for temperature measurement was formed in the lid, in which a thermocouple was 
inserted to monitor temperature in the container. The container 120 was heated with a Bunsen burner. The 
container temperature at which the squib was spontaneously fired were recorded. The squib was as same 
as that used in the above mentioned examples. The results are given in Table 2. For comparative 
examples, the explosives were misfired in both 120 'C x 100 hours and 107 'C x 400 hours. On the 
contrary, those according to the present invention were all fired spontaneously at and around 200 *C after 
the above mentioned heat aging tests. 

Examples 7 through 9, Comparative Examples 7 through 9 

In Fig. 1, the same squib as the one described in said examples was attached to a gas generator of an 
aluminum casing where the amount of the gas generant pellets 51 and the igniting agents 41 were 
respectively 55 gram and 1.7 gram. The gas generator was suspended in the air and subjected to a bonfire 
test with being heated by flame generated by firewood to be spontaneously fired. A heating time until 
spontaneous firing and a state of the gas generator after firing were observed. The results are given in 
Table 3. For comparative examples, the heat aging tests of 120°C x 100 hours and 107 'C x 400 hours 
both resulted in casing breakage. On the contrary, those according to the present invention were 
approximately similar to the state of the room temperature. 
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Next, illustrated are examples where a spontaneous firing explosive composition (carbohy- 
40 drates/oxyhalogenates/metal oxides based) according to the present invention contained in the gas gener- 
ant. 

Examples 10 through 18, 19 through 21 

45 An spontaneous firing explosive composition was prepared as follows. 1 .2 parts of super fine powder of 
light magnesium oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) having an average particle 
diameter of 0.001 mm or smaller was added to and mixed with 74.8 parts of potassium chlorate (reagent; 
Wako Pure Chemical Industries Co., Ltd.) having an average particle diameter of 0.2 mm. After mixing, it 
was found that the surfaces of the potassium chlorate was coated with the magnesium oxide when observed 

50 through an optical microscope. Next, 1.0 parts of said light magnesium oxide (reagent; Wako Pure Chemical 
Industries Co., Ltd.) were added to and mixed with 23.0 parts of sucrose (Taito Corporation) having an 
average particle diameter of 0.05 mm. After mixing, it was found that the surfaces of the sucrose was 
coated with the magnesium oxide when observed through an optical microscope. The above mentioned 
total amount of potassium chlorate/magnesium oxide and sucrose/magnesium oxide were mixed with each 

55 other to obtain the spontaneous firing explosive composition. 

This spontaneous firing explosive composition was placed in a mill of which diameter is 10 mm and 
press-molded under a load of 500 kilo-gram. And then pellets of the gas generant were obtained. Its weight 
of one pellet is approximately 0.6 gram. As shown in Fig. 7, the above mentioned pellets 30 gram were 
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placed in the gas generant container 50 and sealed as shown in Fig. 6. Twelve containers such as the 
above mentioned generant containers 50 were ready. We applied three types of temperature histories. Here 
are: room temperature, 120 *C x 100 hours and 107 °C x 400 hours. We used four containers to each 
types. Thereafter, as shown in Fig. 1, the gas generator 60 made of the aluminum casing was assembled. 

5 The gas generator 60 contains the squib 10 having zirconium/potassium perchlorate 120 milli-gram, the 
igniting agents container 40 having the igniting agents (boron/potassium nitrate) 1 .0 gram and the above 
mentioned gas generant container 50. This gas generator 60 was used for test of a pressure-time with a 60- 
liter tank and a heating test with firewood (bonfire test). The results are given in Table 4 and Table 6. 
Differences in temperature histories during the 60-liter tank pressure-time test were slight. During the 

70 bonfire test, there were no differences in temperature histories found. An igniting time t in Table 4 is a time 
interval from time when electrical current has finished flowing through the squib to time of starting raising 
the pressure. 

Comparative Examples 10 through 18, 19 through 21 

15 

For comparison with the above mentioned examples, the gas generant was made of a su- 
crose/potassium chlorate without adding magnesium oxide. As in the above, the gas generant without 
magnesium oxide was placed in a mil! of which the diameter is 10 mm and press-molded under a load of 
500 kilo-gram. And then pellets of the gas generant were obtained. Its weight of one pellet is approximately 

so 0.6 gram. As shown in Fig. 7, the above mentioned pellets 30 gram were placed in the gas generant 
container 50 and sealed as shown in Fig. 6. Twelve containers such as the above mentioned generant 
containers 50 were ready. We applied three types of temperature histories. Here are: room temperature, 
120 'C x 100 hours and 107 *C x 400 hours. We used four containers to each types. Thereafter, as 
shown in Fig. 1, the gas generator 60 made of the aluminum casing was assembled. The gas generator 60 

25 contains the squib 10 having zirconium/potassium perchlorate 120 mille-gram, the igniting agents container 
40 having the igniting agents (boron/potassium nitrate) 1.0 gram and the above mentioned gas generant 
container 50. This gas generator 60 was used for test of a pressure-time with a 60-liter tank and a heating 
test with firewood (bonfire test). The results are given in Table 5 and Table 6. During the 60-liter tank 
pressure-time test, no gas generant was ignited with the temperature histories of 1 20 ° C x 1 00 hours and 

30 1 07 'C x 400 hours. During the bonfire test, gas generation were made abnormally with the temperature 
histories of 120 'C x 100 hours and 107 °C x 400 hours. 
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Examples 22 through 30, 31 through 33 

40 

Art spontaneous firing explosive composition was prepared as follows. 23.0 parts of wood powder 
having an average particle diameter of 0.05 mm was added to and mixed with 1.0 parts of said light 
magnesium oxide(reagent; Wako Pure Chemical Industries Co.. Ltd.), to which 76.0 parts of potassium 
chlorate/magnesium oxide mixture prepared in said examples was added and mixed with each other. 24.0 

45 parts of the above mentioned wood powder/potassium chlorate/magnesium oxide composition was mixed 
with 76.0 parts of spontaneous firing explosive composition based on sucrose/potassium chlor- 
ate/magnesium oxide prepared in said examples to obtain gas generant in the form of powder. As shown in 
Fig. 8, the above mentioned gas generant 30 gram was placed in the gas generant container 50 and sealed 
as shown in Fig. 6. Twelve containers such as the above mentioned generant containers 50 were ready. We 

so applied three types of temperature histories. Here are : room temperature, 120'C x 100 hours and 107 *C 
x 400 hours. We used four containers to each types. Thereafter, as shown in Fig, 1 , the gas generator 60 
made of the aluminum casing was assembled. The gas generator 60 contains the squib 10 having 
zirconium/potassium perchlorate 120 millt-gram, the igniting agent container 40 having the igniting agent 
(boron/potassium nitrate) 1 .0 gram and the above mentioned gas generant container 50. This gas generator 

ss 60 was used for test of a pressure-time with a 60-liter tank and a heating test with firewood (bonfire test). 
The results are given in Table 7 and Table 9. Differences in temperature histories during the 60-liter tank 
pressure-time test were slight. During the bonfire test, there were no differences in temperature histories 
found. 
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Comparative Examples 22 through 30, 31 through 33 

The gas generant was made of a wood powder/sucrose/potassium chlorate mixture without adding 
magnesium oxide by the same manner in the above mentioned examples 22 to 30. As shown in Fig. 8, the 

5 above mentioned gas generant 30 gram was placed in the gas generant container 50 and sealed as shown 
in Fig. 6. Twelve containers such as the above mentioned generant containers 50 were ready. We applied 
three types of temperature histories. Here are : room temperature, 120 'C x 100 hours and 107 "C x 400 
hours. We used four containers to each types. Thereafter, as shown in Fig. 1, the gas generator 60 made of 
the aluminum casing was assembled. The gas generator 80 contains the squib 10 having zirco- 

70 nium/potassium perchlorate 120 milli-gram, the igniting agents container 40 having the igniting agents- 
(boron/potassium nitrate) 1.0 gram and the above mentioned gas generant container 50. This gas generator 
60 was used for test of a pressure-time with a 60-liter tank and a heating test with firewood (bonfire test). 
The results are given in Table 8 and Table 9. During the 60-liter tank pressure-time test, no gas generant 
was ignited with the temperature histories of 120°C x 100 hours and 107 °C x 400 hours. During the 

15 bonfire test, gas generation were made abnormally with the temperature histories of 120 *C x 100 hours 
and 107 'C x 400 hours. 
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Next, illustrated are examples where a spontaneous firing explosive composition (carbohy- 
40 drates/oxyhalogenates/metal oxides) according to the present invention was contained in the igniting agents 
41. 

Examples 34 through 42, 43 through 45 

45 A spontaneous firing explosive composition was prepared as follows. 1.2 parts of said light magnesium 
oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and mixed with 74.8 parts of 
potassium chlorate oxide(reagent; Wako Pure Chemical Industries Co., Ltd.) having an average particle 
diameter of 0.2 mm. After mixing, it was found that the surfaces of the potassium chlorate was coated with 
the magnesium oxide when observed through an optical microscope. Next, 1.0 parts of said light 

so magnesium (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and mixed with 23.0 parts of 
sucrose (Taito Corporation) having an average particle diameter of 0.05 mm. After mixing, it was found that 
the surfaces of the sucrose was coated with the magnesium oxide when observed through an optical 
microscope. The above mentioned total amount of potassium chlorate/magnesium oxide and su- 
crose/magnesium oxide were mixed with each other to obtain the spontaneous firing explosive composition. 

ss As shown in Fig. 9, the above mentioned explosive composition 1.0 gram was placed in the igniting 
agents container 40 and sealed. Twelve containers such as the above mentioned igniting agents containers 
40 were ready. We applied three types of temperature histories. Here are: room temperature, 120°C x 100 
hours and 107 'C x 400 hours. We used four containers to each types, Thereafter, as shown in Fig, 1, the 
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gas generator 60 made of the aluminum casing was assembled. The gas generator 60 contains the squib 
10 having zirconium/potassium perchlorate 120 milli-gram, the gas generant container 50 having the gas 
generant 55 gram of based on sodium azide, and the igniting agents container 40 having the above 
mentioned spontaneous firing explosive composition. This gas generator 60 was used for test of a pressure- 

5 time with a 60-liter tank and a heating test with firewood (bonfire test). The results are given in Table 10 and 
Table 12. Differences in temperature histories during the 60-liter tank pressure-time test were slight During 
the bonfire test, there were no differences in temperature histories found. An igniting time t in Table 1 0 and 
Table 11 means a time interval from time when electrical current has finished flowing through the squib to 
time of starting raising the pressure. A heating time t in Table 12 means a time for the gas generator 60 to 

w fire, Maximum pressure time means a time for pressure to become maximum. 

Comparative Examples 34 through 42, 43 through 45 

For comparison with the above mentioned examples, igniting agents 41 were made of a su- 
75 crose/potassium chlorate without adding magnesium oxide, As in the above, the igniting agents 41 without 
magnesium oxide were placed in the igniting agents container 40 as in said examples. Twelve containers 
such as the above mentioned igniting agents containers 40 were ready, We applied three types of 
temperature histories, That is : room temperature, 120 °C x 100 hours and 107 °C x 400 hours. We used 
four containers to each types. Thereafter, as shown in Fig. 1, the gas generator of the same specifications 
so as in said examples except for the igniting agents were assembled. This gas generator is used for 
conducting the same assessment tests as In said examples. The results are given in Table 11 and Table 
12. During the 60-liter tank pressure-time test, the explosives were all non-ignited and the gas generant was 
failed to be ignored with the temperature histories of 120 °C x 100 hours and 107"Cx 400 hours. During 
the bonfire test, the casings were broken down with the temperature histories of 120° C x 100 hours and 
25 107 'Cx 400 hours. 
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Next, described in conjunction with Table 13 are various exemplified combinations of carbohydrates and 
ao metai oxides in a three-component spontaneous firing explosive composition of carbohy- 
drates/oxyhalogenates/metal oxides. 

Examples 46 through 48, Comparative Example 46 through 51 

45 The combination given in Table 2 was mixed at the following ratio to prepare a explosive composition. 
Sucrose (Taito Corporation) 23.0% by weight (Example 46, Comparative Examples 46 and 47) 
Dextrin (reagent;Kishida Chemical Industries Co., Ltd.) 23.0% by weight (Example 47, Comparative 
Examples 48 and 49) 

Cellulose (reagent; Wako Pure Chemical Industries Co., Ltd.) 23.0% by weight (Example 48, Compara- 
50 live Examples 50 and 51) 

Potassium Chlorate (reagent; Kanto Chemical Co., Ltd.) 74.0% by weight (Examples 46 through 48) and 
77.0% by weight (Comparative Examples 46 through 51) 

MgO (reagent; Wako Pure Chemical Industries Co., Ltd.) 2.0% by weight (Example 46) 
ZnO (reagent; Wako Pure Chemical Industries Co., Ltd.) 2.0% by weight (Example 47) 
55 CaO (reagent; Wako Pure Chemical Industries Co., Ltd.) 2.0% by weight (Example 48) 

The mixture was made by means of two steps mixing, wherein at first, carbohydrates and potassium 
chlorate were respectively mixed up with metal oxides, and then these mixtures were mixed together. 
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The resultant spontaneous firing explosive compositions were subjected to measurements on the 
pressure maximum time and the generated pressure by using a test vessel obtained by attaching a 
pressure sensor to a stain less vessel having an inner volume of 1 liter, in which the spontaneous firing 
explosive composition 15 gram was burned in the form of powder (1 -liter tank test). 

5 To ignite the spontaneous firing explosive composition, an ignitor having firing agents 0.6 gram 
contained of a boron/potassium nitrate and lead styphnate fuse heads were used. The pressure maximum 
time means a time interval from time when electrical current has finished flowing through the ignitor to time 
of raising the pressure till maximum. 

The spontaneous firing explosive compositions were applied with temperature histories of 120 -C x 100 

io hours and 107 "C x 400 hours to determine the heat aging properties. A spontaneous firing temperature of 
the spontaneous firing explosive composition was measured by using a differential scanning calorimetry 
(Type DSC 220: Seiko Instruments Inc.). The results of the above test are summarized in Table 13. 
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tn Examples 46 through 48, there was no significant difference in properties between the initial 
properties and those after heat aging at 120 'C for 100 hours because the conditions met the specifications 
according to the present invention. 

In Comparative Examples 46 through 51, non-igniting were found in all after the heat aging at 120 °C 
for 100 hours because there were no metal oxides contained. In addition, the spontaneous firing tempera- 
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ture couldn't be measured. For the state after heat aging, no changes were found in Examples while their 
color of test vessel change into black-brown due to effect of heat in all Comparative Examples . 

As apparent from the above, the spontaneous firing explosive composition according to the present 
invention has a spontaneous firing function in a specific high-temperature range and kept a stable burning 
s capability after the heat aging at 120 • C for 100 hours. 

Next, described are examples where a four-component spontaneous firing explosive composition 
according to the present invention (carbohydrates/oxyhalogenates/metal oxides/synthetic resins) is con- 
tained in the squib. This squib was assessed solely, too. 

io Examples 1 through 3, Comparative Examples 1 through 3 

In Fig, 11, a pressure sensor 110 was attached to a S US container 100 with a space 101 of a capacity 
of 10 milli-liters. The squib 10 was attached to a lid of the SUS container 100. The electrode lead pins 7 of 
the squib 10 were connected to a squib ignition power source and an oscillograph for current measurement. 

J5 A terminal of the pressure sensor 110 was connected to the measurement oscillograph. A predeter- 
mined electrical current was flown across the squib to initiate it. An initiating time t (msec.) and maximum 
pressure value Pmax. (psi.) were measured. An initiating time t (msec.) means a time up to start raising the 
pressure after an electrical current has finished flowing through the squib. 

A spontaneous firing explosive composition was prepared as follows. 1.2 parts of said super fine 

20 powder of light magnesium oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and 
mixed with 74.8 parts of potassium chlorate (reagent; Wako Pure Chemical Industries Co., Ltd.) having an 
average particle diameter of 0.2 mm, After mixing, it was found that the surfaces of the potassium chlorate 
was coated with the magnesium oxide when observed through an optical microscope. Next, 1.0 parts of 
said light magnesium oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and mixed 

25 with 23.0 parts of sucrose (Taito Corporation) having an average particle diameter of 0.05 mm. After mixing, 
it was found that the surfaces of the sucrose was coated with the magnesium oxide when observed through 
an optical microscope. The above mentioned total amount of potassium chlorate/magnesium oxide and 
sucrose/magnesium oxide were mixed with each other, to which 5.0 parts of silicon resin (Shin-etsu Silicon 
KE 441T; Shin-etsu Chemical Co., Ltd.) was added. The mixture was kneaded over 30 minutes. Thereafter, 

30 the mixture was stood at a room temperature over 48 hours to cure the silicon resin, thereby to obtain the 
spontaneous firing explosive composition. 

The squib was assembled in a following manner. A squib sheath 9 was placed in the squib cup 6, in 
which the spontaneous firing explosive composition 60 milli-gram was added. Subsequently, the initiating 
agents 4 (zirconium/potassium perchlorate) 140 mllll-gram was placed and a squib sealing plug 1 was 

35 engaged therewith. For comparison, an explosive made of sucrose/potassium chlorate/magnesium oxide 
with no synthetic resins, In addition, the squib was assembled in the same manner as those described 
above. Histories of the squib temperature were following three types: the room temperature only, 120°C x 
100 hours and 107 "C x 400 hours, The results are given in Table 14. there were significant straggling on 
comparative examples of both 120 "C x 100 hours and 107 *C x 400 hours, On the contrary, those 

40 according to the present invention provided stable results in the initiating time as well as the generated 
pressure. 

Examples 4 through 6, Comparative Examples 4 through 6 

45 In Fig. 12, the squib 10 was attached to a lid of a SUS container 120 having a space 101 of which a 
capacity is 10 milli-liters. A hole for temperature measurement was formed in the lid, in which a 
thermocouple was inserted to monitor a temperature in the container. The container 120 was heated with a 
Bunsen burner. The container temperature at which the spontaneous firing explosive composition in the 
squib was spontaneously fired was recorded. The squib was as same as that used in the above mentioned 

so examples. The results are given in Table 15. On comparative examples, the spontaneous firing explosive 
composition in the squib were spontaneously fired at 200 *C or higher, and of which struggling were 
significant. On the contrary, those according to the present invention were all spontaneously fired at and 
around 180 C C after the above mentioned heat aging test with less straggling. 

55 Examples 7 through 9, Comparative Examples 7 through 9 

In the gas generator 61 for air bag in Fig. 2 where the squib 10 was exposed to within the casing, the 
same squib as the one described in said examples was attached to a gas generator of an aluminum casing 
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where the amount of agents in the gas generant pellets 51 and the igniting agent 41 were 55 gram and 1.7 
gram, respectively. The gas generator was suspended in the air and subjected to a bonfire test with being 
heated by flame generated by firewood to be spontaneously fired. A heating time until spontaneous firing 
and a state of the gas generator after firing were observed. The results are given in Table 16. On 
5 comparative examples, the heat aging tests of 120"C x 100 hours and 107 "C x 400 hours both resulted 
in filter breakage. On the contrary, those according to the present invention were not changed in 
appearance. 
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Next, described are examples where a four-component spontaneous firing explosive composition 
40 according to the present invention (carbohydrates/oxyhalogenates/metal oxides /a synthetic resins) is 
contained in gas generant. 

Examples 10 through 18, 19 through 21 

45 A spontaneous firing explosive composition was prepared as follows. 1.2 parts of said super fine 
powder of light magnesium oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and 
mixed with 74.8 parts of potassium chlorate (reagent; Wako Pure Chemical Industries Co,, Ltd.) having an 
average particle diameter of 0.2 mm. After mixing, it was found that the surfaces of the potassium chlorate 
was coated with the magnesium oxide when observed through an optical microscope. Next, 1.0 parts of 

50 said light magnesium oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and mixed 
with 23.0 parts of sucrose {Taito Corporation) having an average particle diameter of 0.05 mm. After mixing, 
it was found that the surface of the sucrose was coated with the magnesium oxide when observed through 
an optical microscope. The above mentioned total amount of potassium chlorate/magnesium oxide and 
sucrose/magnesium oxide were mixed with each other, to which 5.0 parts of silicon resin (Shin-etsu Silicon 

ss KE 441 T; Shin-etsu Chemical Co., Ltd.) was added. The mixture was kneaded over 30 minutes. Thereafter, 
the mixture was stood at a room temperature over 48 hours to cure the silicon resin, thereby to obtain the 
spontaneous firing explosive composition. 



31 



EP0 665 138 A2 



This spontaneous firing explosive composition was placed in a mill of which diameter is 10 mm and 
press-molded under a load of 500 kilo-gram to obtain pellets of the gas generant, Weight of one pellet is 
approximately 0.6 gram. As shown in Fig. 7, the above mentioned pellets 35 gram were placed in the gas 
generant container 50 and sealed as shown in Fig. 6. Twelve containers such as the above mentioned 
generant containers 50 were ready. We applied three types of temperature histories. Here are: room 
temperature, 120'C x 100 hours and 107 -C x 400 hours, We used four containers to each types. 
Thereafter, as shown in Fig, 1, the gas generator 60 made of the aluminum casing was assembled. The gas 
generator 60 contains the squib 10 having zirconium/potassium perchlorate 120 milli-gram, the igniting 
agent container 40 having the igniting agent (boron/potassium nitrate) 1 .0 gram and the above mentioned 
gas generant container 50. This gas generator 60 was used for test of a pressure-time with a 60-liter tank 
and a heating test with firewood (bonfire test). The results are given in Table 17 and Table 19. Differences 
in temperature histories during the 60-liter tank pressure-time test were slight. During the bonfire test, there 
were no differences in temperature histories found. An igniting time t (msec.) means a time up to start 
raising the pressure after an electrical current has finished flowing through the squib. Maximum pressure 
time means a time for pressure to become maximum. A heating time t in Table 12 means a time for the gas 
generator 60 to fire. 

Comparative Examples 10 through 18, 19 through 21 

For comparison with the above mentioned examples, a gas generant was prepared without granulating 
with a silicon resin. As in the above, this was placed in a mil! of which diameter is 10 mm and press-molded 
under a load of 500 kilo-gram to obtain pellets of the gas generant. Weight of one pellet is approximately 
0.6 gram. As shown in Fig. 7, the above mentioned pellets 35 gram were placed in the gas generant 
container 50 and sealed as shown in Fig. 6. Twelve containers such as the above mentioned generant 
containers 50 were ready. We applied three types of temperature histories. Here are: room temperature, 
120*C x 100 hours and 107 'C x 400 hours. We used four containers to each types. Thereafter, as shown 
in Fig, 1, the gas generator 60 made of the aluminum casing was assembled. The gas generator 60 
contains the squib 10 having zirconium/potassium perchlorate 120 milli-gram, the igniting agents container 
40 having the igniting agents(boron/potassium nitrate) 1.0 gram and the above mentioned gas generant 
container 50. This gas generator 60 was used for test of a pressure-time with a 60-liter tank and a heating 
test with firewood (bonfire test). The results are given in Table 18 and Table 19. During the 60-liter tank 
pressure-time test, there were a significant struggling in results. During the bonfire test, filter breakage was 
caused. 
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40 Examples 22 through 30, 31 through 33 

A spontaneous firing explosive composition was prepared as follows. 23.0 parts of wood powder having 
an average particle diameter of 0.05 mm was added to and mixed with 1 .0 parts of said light magnesium 
oxide (reagent; Wako Pure Chemical Industries Co., Ltd.), to which 76.6 parts of potassium chlor- 

45 ate/magnesium oxide mixture prepared in said examples was added and mixed with each other, to which 
5.0 parts of silicon resin was added. The mixture was kneaded over 30 minutes. Thereafter, the mixture was 
stood at a room temperature over 48 hours to cure the silicon resin, 24.0 parts of the above mentioned 
wood powder/potassium chlorate/magnesium oxide/silicon resin composition was mixed with 76.0 parts of 
spontaneous firing explosive composition based on sucrose/potassium chlorate/magnesium oxide/silicon 

so resin prepared in said examples to obtain gas generant powder. As shown in Fig. 8, the above mentioned 
gas generant 35 gram was placed in the gas generant container 50 and sealed as shown in Fig. 6. Twelve 
containers such as the above mentioned generant containers 50 were ready. We applied three types of 
temperature histories. Here are: room temperature, 120 'C x 100 hours and 107 C C x 400 hours, We used 
four containers to each types. Thereafter, as shown in Fig. 1, the gas generator 60 made of the aluminum 

ss casing was assembled. The gas generator 60 contains the squib 10 having zirconium/potassium perchlorate 
120 milii-gram, the igniting agents container 40 having the igniting agents(boron/potassium nitrate) 1.0 gram 
and the above mentioned gas generant container 50. This gas generator 60 was used for test of a pressure- 
time with a 60-liter tank and a heating test with firewood (bonfire test). The results are given in Table 20 and 
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Table 22. Differences in temperature histories during the 60-liter tank pressure-time test were slight. During 
the bonfire test, there were no differences in temperature histories found. 

Comparative Examples 22 through 30, 31 through 33 

s 

A wood powder/sucrose/potassium chlorate/magnesium oxide mixture was prepared as a gas generant 
in the same manner and same ratio of the above mentioned examples 22 to 30 without silicon resin. As 
shown in Fig, 8, the above mentioned gas generant 35 gram was placed in the gas generant container 50 
and sealed as shown in Fig. 6. Twelve containers such as the above mentioned generant containers 50 

?o were ready. We applied three types of temperature histories. Here are: room temperature, 120'C x 100 
hours and 107 °C x 400 hours. We used four containers to each types. Thereafter, as shown in Fig. 1, the 
gas generator 60 made of the aluminum casing was assembled. The gas generator 60 contains the squib 
10 having zirconium/potassium perchlorate 120 milli-gram, the igniting agents container 40 having the 
igniting agents(boron/potassium nitrate) 1.0 gram and the above mentioned gas generant container 50. This 

js gas generator 60 was used for test of a pressure-time with a 60-liter tank and a heating test with firewood 
(bonfire test). The results are given in Table 21 and Table 22. During the 60-liter tank pressure-time test, 
there were a significant struggling in results. During the bonfire test, filter breakage was caused. 
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Next, described are examples where a spontaneous firing explosive composition according to the 
40 present invention (carbohydrates/oxyhalogenates/meta! oxides/synthetic resins) was contained in the igniting 
agents. 

Examples 34 through 42, 43 through 45 

45 A spontaneous firing explosive composition was prepared as follows. 1.2 parts of said light magnesium 
oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) was added to and mixed with 74.8 parts of 
potassium chlorate (reagent; Wako Pure Chemical Industries Co., Ltd.) having an average particle diameter 
of 0.2 mm. After mixing, it was found that the surfaces of the potassium chlorate were coated with the 
magnesium oxide when observed through an optical microscope, Next, 1.0 parts of said light magnesium 

so oxide (reagent; Wako Pure Chemical Industries Co., Ltd.) were added to and mixed with 23.0 parts of 
sucrose (Taito Corporation) having an average particle diameter of 0.05 mm. After mixing, it was found that 
the surfaces of the sucrose were coated with the magnesium oxide when observed through an optical 
microscope. The above mentioned total amount of potassium chlorate/magnesium oxide and su- 
crose/magnesium oxide were mixed with each other, to which 5.0 parts of silicon resin (Shin-etsu Silicon KE 

55 441 T; Shin-etsu Chemical Co., Ltd.) were added. The mixture was kneaded over 30 minutes, Thereafter, the 
mixture was stood at a room temperature over 48 hours to cure the silicon resin, thereby to obtain the 
spontaneous firing explosive composition. 
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As shown in Fig. 9, the above mentioned spontaneous firing explosive composition 2.0 gram was 
placed in the igniting agents container 40 and sealed. Twelve containers such as the above mentioned 
igniting agents containers 40 were ready. We applied three types of temperature histories. Here are: room 
temperature, 120*C x 100 hours and 107 "C x 400 hours. We used four containers to said each types. 

s Thereafter, as shown in Fig. 1 , the gas generator 60 made of the aluminum casing was assembled. The gas 
generator 60 contains the squib 10 having zirconium/potassium perchlorate 120 milli-gram, the gas generant 
container 50 having the gas generant based on sodium azide 55 gram, and the igniting agents container 40 
having the above mentioned spontaneous firing explosive composition. This gas generator 60 was used for 
test of a pressure-time with a 60-liter tank and a heating test with firewood (bonfire test). The results are 

10 given in Table 23 and Table 25. Differences in temperature histories during the 60-liter tank pressure-time 
test were slight. During the bonfire test, there were no differences in temperature histories found. An igniting 
time t (msec.) means a time up to start raising the pressure after an electrical current has finished flowing 
through the squib. Maximum pressure time means a time for pressure to become maximum. A heating time 
t means a time for the gas generator 60 to fire. 

15 

Comparative Examples 34 through 42, 43 through 45 

For comparison with said examples, a sucrose /potassium chlorate/magnesium oxide was prepared as 
igniting agents without synthetic resins. This igniting agents were placed in the igniting agents container in 

20 the same manner of said examples, Twelve containers such as the above mentioned igniting agents 
containers 40 were ready. We applied three types of temperature histories, Here are: room temperature, 
120°C x 100 hours and 107 «C x 400 hours. We used four containers to said each types. Thereafter, as 
shown in Fig. 1, the gas generator was assembled with the same specifications of said examples except for 
the igniting agents. This gas generator is used to conduct the same assessment tests as in said examples. 

25 The results are given in Table 24 and Table 25. During the 60-liter tank pressure-time test, there was a 
significant struggling in results. During the bonfire test, filter breakage was caused. 
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Next, described in conjunction with Table 26 are various exemplified combinations of carbohydrates, 
40 metal oxides and synthetic resins in a spontaneous firing explosive composition of carbohy- 
drates/oxyhalogenates/metal oxides/synthetic resins, 

Examples 46 through 51, Comparative Example 46 through 51 

45 The combination given in Table 26 was mixed at the following ratio to prepare an explosive composi- 
tion. 

Sucrose (Taito Corporation) 23,0% by weight (Example 46 and 47, Comparative Examples 46 and 49) 

Dextrin (reagent; Kishida Chemical Industries Co., Ltd.) 23.0% by weight (Examples 48 and 49, 
Comparative Examples 47 and 50) 
50 Cellulose (reagent; Wako Pure Chemical Industries Co., Ltd.) 23.0% by weight (Examples 50 and 51, 
Comparative Examples 48 and 51) 

Potassium Chlorate (reagent; Kanto Chemical Co., Ltd,) 74.0% by weight (Examples 46 through 51) and 
77.0% by weight (Comparative Examples 46 through 51) 

MgO (reagent; Wako Pure Chemical Industries Co., Ltd.) 2.0% by weight (Examples 46 through 48 and 
55 50, Comparative Example 46) 

ZnO (reagent; Wako Pure Chemical Industries Co,, Ltd.) 2.0% by weight (Example 49, Comparative 
Example 47) 

CaO (reagent; Wako Pure Chemical Industries Co., Ltd.) 2.0% by weight (Example 51, Comparative 
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Example 48) 

Silicon Resin (One-component room-temperature curable type) (Trade Name "Shin-etsu Silicon KE 
441 T" available from Shin-etsu Chemical Co., Ltd.) (Examples 46, 48 and 50, Comparative Examples 49 
through 51) 

5 Urethane Resin (Trade Name "Hi-Bon 4601" available from Hitachi Kasei Polymer Co., Ltd.) (Example 
47) 

Butyl Rubber (Trade Name "Hi-Bon 1010A" available from Hitach Kasei Polymer Co., Ltd.) (Example 

49) 

Polyester Resin (Trade Name "Hl-Bon 7031 L" available from Hitachi Kasei Polymer Co,, Ltd.) (Example 

10 51). 

The mixture was made by means of two steps mixing. At first, carbohydrates and potassium chlorate 
are respectively mixed up with metal oxides and then these mixtures are mixed together. Thereafter, the 
synthetic resins were added thereto, which was kneaded and granulated over 30 minutes and was stood at 
a room temperature over 48 hours for curing the resins. 
15 The resultant spontaneous firing explosive compositions were subjected to measurements on the 
generated pressure and the time when said generated pressure rises up till maximum by using a test 
vessel obtained by attaching a pressure sensor to a stainless vessel having an inner volume of 1 liter, in 
which the spontaneous firing explosive composition 8 gram was burned in the form of granule (1 -liter tank 
test). 

20 To ignite the spontaneous firing explosive composition, a squib having firing agent 0.6 gram contained 
of a boron/potassium nitrate and lead styphnate fuse heads were used. The igniting time means a time 
interval from time when electrical current has finished flowing through the squib to time of starting raising 
the pressure. 

The spontaneous firing explosive compositions were applied with temperature history of 120° C x 100 
25 hours to determine the heat aging properties. A spontaneous firing temperature of the spontaneous firing 
explosive compositions was measured by using a differential thermal analyzer (Type DSC 220: Seiko 
Instruments Inc.). The results of the above tests are summarized in Table 26. 
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in Examples 46 through 51, there were no significant differences in properties between the initial 
properties and those after heat aging at 120 °C for 100 hours because the conditions met the specifications 
according to the present invention. In particular, reproducibility of the spontaneous firing temperature was 
excellent. 

In Comparative Examples 46 through 48, the spontaneous firing temperatures were increased because 
there were no synthetic resins contained. The spontaneous firing temperatures were further increased after 
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the heat aging at 120 "C for 100 hours. In Comparative Examples 49 through 51, non-igniting were found 
after the heat aging at 120 °C for 100 hours because there were no metal oxides contained. In addition, the 
spontaneous firing temperature couldn't be measured. For the state after heat aging, no changes were 
found in Examples and Comparative Examples 46 through 48 while Comparative Examples 49 through 51 

5 resulted in color change into black-brown due to effect of heat. 

As apparent from the above, the spontaneous firing explosive composition according to the present 
invention has a spontaneous firing function in a specific high-temperature range and kept a stable burning 
capability after the heat aging at 120 'C for 100 hours, 

As described in detail above, the gas generator for air bag according to the present invention requires 

10 no preparation of a specific container space in a casing by means of containing a spontaneous firing 
explosive composition comprising carbohydrates, oxyhalogenates and metal oxides in at least one of the 
squib, the igniting agents and the gas generant, and it is thus possible to maintain stable properties for a 
long time with safety and a spontaneous firing function at a low temperature up to 220 °C without particular 
considerations on the heat conductivity between the casing, so that it is optimum as the gas generator with 

15 the casing of a light alloy material or the like of which mechanical strength will be deteriorated when being 
subjected to high temperature environments. When the heat conductivity from outside is not so good, it is 
possible to further ensure the spontaneous firing function at a low temperature up to 200 'C by means of 
containing a spontaneous firing explosive composition consisting of carbohydrates, oxyhalogenates, metal 
oxides and synthetic resins. 

20 In particular, when the squib contains the spontaneous firing explosive composition according to the 
present invention as compared with a case where it is contained in the gas generant or the firing agents, 
this eliminates a fear of the explosive left in the casing without igniting of the squib after the spontaneous 
firing of said explosive composition. In addition, in case of prior art such as a spontaneous firing explosive 
composition also serving as initiating agents, the bridge wire contacting therewith is corroded due to acidic 

25 substances generated as a result of deterioration with time. So, there's a fear for an incorrect operation 
because of the squib not initiated upon a normal operation. While in case of the present invention, there's 
no fear such as said trouble. Further, the present invention can find various applications as the squib having 
the spontaneous firing function. 

In particular, when the gas generant contains the spontaneous firing explosive composition according to 

30 the present invention, no toxic gas is generated after it absorbs water as compared with conventional ones 
based on sodium azide. It can be a gas generator containing a novel gas generant which is capable of 
maintaining stable properties during exposure to high temperature environments for a long time and which 
has an adequate burning rate in a normal operation. 

Further, when the igniting agents contains the spontaneous firing explosive composition according to 

35 the present invention, this is possible to obtain a more excellent high-temperature stability and a more 
sufficient burning rate than ones of the prior art such as a spontaneous firing explosive composition also 
serving as igniting agents. 

The present Invention is a gas generator for air bag comprises a spontaneous firing explosive 
composition in which at least one of a squib 10, igniting agents 41 and a gas generant 51 contained in a 

40 casing 27 or 28 formed of a light alloy material or the like, a spontaneous firing explosive composition 
consists of carbohydrates, oxyhalogenates and metal oxides and alternatively of carbohydrates, ox- 
yhalogenates, metal oxides and a synthetic resin. The spontaneous firing explosive composition has a 
spontaneous firing property in temperatures range of 165-220 'C or of 1 65-200 °C. The carbohydrates is a 
gaseous component and the oxyhalogenates is an oxygen supplying component. Accordingly, a firing 

45 temperature in a relatively low temperatures range of 165-220 "C or of 1 65-200 'C may be selected 
depending on combinations of the two. The metal oxides is a heat stabilizer and the synthetic resin Is a 
binder for use in granulating the spontaneous firing explosive composition. 

Claims 

50 

1. A gas generator for air bag comprising a squib or one or more igniting agents and a gas generant 
contained therein, wherein at least one of said squib, said igniting agents and said gas generant 
contains a spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates and 
metal oxides. 

55 

2. A gas generator for air bag as claimed in Claim 1, wherein said squib, said igniting agents, or said gas 
generator is contained in a casing made of a light alloy material such as an aluminum alloy, wherein 
said spontaneous firing explosive composition being spontaneously fired at temperatures from 165°C 
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to 220 °C. 

3. A gas generator for air bag as claimed in Claim 1 containing said spontaneous firing explosive 
composition wherein said carbohydrates of which an average particle diameter from 0.5 mm to 0.0001 
mm, said oxyhalogenates of which an average particle diameter from 1.0 mm to 0.0001 mm, said metal 
oxides of which an average particle diameter from 0.5 mm or smaller. 

4. A gas generator for air bag as claimed in Claim 1 , wherein said carbohydrates, said oxyhalogenates 
and said metal oxides in said spontaneous firing explosive composition are respectively from 95,0% to 
1.0% by weight, from 95.0% to 1.0% by weight and from 30.0% to 0.01% by weight. 

5. A gas generator for air bag as claimed in Claim 1, wherein at least one of said carbohydrates and said 
oxyhalogenates in said spontaneous firing explosive composition is coated with said metal oxides. 

6. A gas generator for air bag as claimed in Claim 1, wherein said carbohydrates, said oxyhalogenates 
and said meta! oxides in said spontaneous firing explosive composition were mixed uniformly. 

7. A gas generator for air bag as claimed in Claim 1 containing said spontaneous firing explosive 
composition, wherein said carbohydrates is sucrose, wherein said oxyhalogenates is a single or a 
mixture of chlorate, perchlorate, bromate, perbromate, iodate and periodate and where in said metal 
oxides is a single or a mixture of calcium oxide, magnesium oxide and zinc oxide. 

8. A gas generator for air bag comprising a squib or one or more igniting agents and a gas generant 
contained therein, wherein at least one of said squib, said igniting agents and said gas generant 
contains a spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates, meta! 
oxides and a synthetic resins. 

9. A gas generator for air bag as claimed in Claim 8, wherein said squib, said igniting agents, or said gas 
generator is contained in a casing made of a light alloy material such as an aluminum alloy, wherein 
said spontaneous firing explosive composition being spontaneously fired at a temperatures from 165 'C 
to 200 'C. 

10. A gas generator for air bag as claimed in Claim 8 containing said spontaneous firing explosive 
composition wherein the carbohydrates of which an average particle diameter of from 0.5 mm to 0.0001 
mm, said oxyhalogenates of which an average particle diameter of from 1.0 mm to 0.0001 mm, said 
metal oxides of which an average particle diameter of from 0.5 mm or smaller. 

11. A gas generator for air bag as claimed in Claim 8, wherein said carbohydrates, said oxyhalogenates, 
said metal oxides and said synthetic resins in said spontaneous firing explosive composition are 
respectively from 95.0% to 1.0% by weight, from 95.0% to 1.0% by weight, from 30.0% to 0.01% by 
weight and from 0.5% to 20.0% by weight. 

12. A gas generator for air bag as claimed in Claim 8, wherein at least one of said carbohydrates and said 
oxyhalogenates in said spontaneous firing explosive composition are coated with said metal oxides. 

13. A gas generator for air bag as claimed in Claim 8, wherein said carbohydrates, the said oxyhalogenates 
and said metal oxides in said spontaneous firing explosive composition were mixed uniformly. 

14. A gas generator for air bag as claimed in Claim 8, wherein a mixture of said carbohydrates, said 
oxyhalogenates and said metal oxides is granulated by said synthetic resins. 

15. A gas generator for air bag as claimed in Claim 8 containing said spontaneous firing explosive 
composition, wherein said carbohydrates is sucrose, where in said oxyhalogenates is a single or a 
mixture of chlorate, perchlorate, bromate, perbromate, iodate and periodate, wherein said metal oxides 
is a single or a mixture of calcium oxide, magnesium oxide and zinc oxide and wherein said synthetic 
resins is any one of silicon resins, urethane resins, polyesters, acrylic resins and butyl rubbers. 
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16. A squib comprising a magazine which is formed with a squib cup and a squib plug and is sealed; a pair 
of electrode lead pins penetrating through said squib plug to said magazine; a bridge wire connected to 
ends of said electrode lead pins ; and a explosive contained in said magazine; said explosive 
containing a spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates and 

6 metal oxides. 

17. A squib as claimed in Claim 16, wherein said explosive is in a layer structure consisting of initiating 
agents contacting with the bridge wire and the spontaneous firing explosive composition contacting with 
said initiating agents, 

w 

18. A squib comprising a magazine which is formed with a squib cup and a squib plug and is sealed; an 
electrode lead pins penetrating through said squib plug to said magazine; a bridge wire connected to 
ends of said electrode lead pins; and an explosive contained in sard magazine; said explosive 
containing a spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates, 

?5 metal oxides and a synthetic resin. 

19. A squib as claimed in Claim 18, wherein said explosive is in a layer structure consisting of initiating 
agents contacting with the bridge wire and the spontaneous firing explosive composition contacting with 
said initiating agents. 

20 

20. A gas generator for air bag in which a squib is held by a casing made of a light metal material such as 
an aluminum alloy; 

said squib comprising a magazine which is formed with a squib cup and a squib plug and is 
sealed, a pair of electrode pins penetrating through said squib plug to said magazine, a bridge wire 
25 connected to ends of said electrode lead pins and an explosive contained in said magazine, 

said explosive being in a layer structure consisting of initiating agents contacting with said bridge 
wire and said spontaneous firing explosive composition contacting with said initiating agents ; said 
spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates, metal oxides and 
a synthetic resins, a portion of said squib corresponding to the spontaneous firing explosive composi- 
30 tion being exposed within sard casing without contact to said casing. 

21. A gas generator for air bag comprising a casing formed of a light metal material such as aluminum 
alloy with an upper casing member and a lower casing member having an inner cylinder and an outer 
cylinder respectively, which are opposed to and frictional welded with each other corresponding to said 

35 inner cylinders and outer cylinders each other and having a center space within said inner cylinder and 
an outer space surrounded by said inner cylinder and said outer cylinder; igniting agents and a squib 
being arranged within said center space and a gas generant and a filter being arranged within said 
outer space, 

an outer surface of said squib being coated with an electrically insulating material, said coated 
40 squib being inserted into said casing and fixed thereto and containing the spontaneous firing explosive 
composition consisting of carbohydrates, oxyhalogenates, metal oxides and a synthetic resin. 

22. A gas generator for air bag as claimed in Claim 21, wherein said squib is inserted into a cylinder- 
shaped boss projected from outside of said casing into said center space and fixed thereto, said 

45 cylinder-shaped boss being larger in height than the portion of said friction welding. 

23. A spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates and metal 
oxides. 

50 24. A spontaneous firing explosive composition as claimed in Claim 23, wherein said spontaneous firing 
explosive composition being spontaneously fired at temperatures from 165 "C to 220 'C. 

25. A spontaneous firing explosive composition as claimed in Claim 23, wherein said carbohydrates is 
sucrose, wherein said oxyhalogenates is a single or a mixture of chlorate, perchlorate, bromate, 
55 perbromate, iodate and periodate and wherein said metal oxides is a single or a mixture of calcium 
oxide, magnesium oxide and zinc oxide. 
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26. A spontaneous firing explosive composition comprising carbohydrates, oxyhalogenates, metal oxides 
and a synthetic resin. 

27. A spontaneous firing explosive composition as claimed in Claim 26, wherein said carbohydrates is 
sucrose, wherein said oxyhalogenates is a single or a mixture of chlorate, perchlorate, bromate, 
perbromate, iodate and periodate, where in said metal oxides is a single or a mixture of calcium oxide, 
magnesium oxide and zinc oxide and wherein said synthetic resin is any one of silicon resins, urethane 
resins, polyesters, acrylic resins and butyl rubbers. 
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Fig. 7 
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Fig. W 
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Fig.11 
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Fig. 12 
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